Abstract Vermicelli is a product prepared by using whole or refined wheat flour. Hard dough is prepared, extruded and dried in the sun. Since wheat flour is deficient in lysine, one of the essential amino acids, the protein quality remains poor. Refining of wheat further reduces nutritional quality.
Traditional foods are expression of culture, history and life style. Challenges ahead in the development of heritage foods are value addition, convenience and health promotion. Vermicelli is a traditional product prepared by using whole or refined wheat flour. Hard dough is prepared, cold extruded and dried in the sun. Since wheat flour is deficient in lysine, one of the essential amino acids, the protein quality remains poor. Refining of wheat further reduces nutritional quality. Therefore value addition of vermicelli is of prime importance to improve nutrient content and to save its delicacy (Naik 2004) . Secondly, use of value added convenient/processed food can be a solution to the problem of supplementary feeding and under nutrition. In India, majority of people live in rural areas and under such economic conditions that they cannot afford readymade or market processed food. Under these circumstances, the effective use of traditional processing methods, locally available and inexpensive food is very essential. Roasting and malting of grains are traditional and village level processing technologies. They improve acceptability, flavour and texture of food, destroy anti nutritional factors and increase the shelf-life of food. Malting improves vitamin C, availability of phosphorus and tryptophan. Besides this, during malting, elaboration of amylase results in lowering of viscosity and thinning down of starch slurry which reduces bulk of the final product (Manay and Sadaksharaswamy 2000) . It has special significance with reference to foods for malnourished children, who should be given nutrient dense and easily digestible foods. The present study is an attempt to improve the nutritive value of vermicelli by using locally available, cheaper food items and by following traditional method like malting so that these can be used to solve the problem of malnutrition and other micronutrient deficiency among the population.
Materials and methods
Development Whole wheat (Triticum aestivum), green gram dhal (Phaseolus aureus Roxb), spinach (Spinacia oleracea) and sago (Manihot esculenta crantz) were used to prepare three variations of vermicelli (1) whole wheat flour (100%): WWF, (2) malted wheat flour (100%): MWF and (3) malted wheat, greengram dhal, spinach and sago (50.9, 33.0, 2.1 and 14% percent respectively) ( Fig. 1 ): MGSS. The Ingredients were purchased from local markets of Udaipur in a single lot to avoid variations. Wheat was cleaned and divided into three portions; one potion was milled while the other two portions were malted as described by Gopaldas et al. (1988) . Green gram dhal was cleaned and powdered while spinach leaves were cleaned, chopped and dried in the shade. Hard dough was prepared separately for all variations and cold extruded. Vermicelli was dried in the sun for 6 h. A mixture of spices containing powders of red chilli (5%), salt (18%), turmeric (2.7%), cumin seeds (1%), coriander seeds (1%), onion (18.9%), garlic (10%), tomato (27.2%), garam masala (1%) and sugar (4.5%) was also developed. Developed vermicelli was reconstituted in boiling water with a weighed amount of spice mix and then subjected to sensory evaluation by a panel of 10 judges on 9 point Hedonic scale (Swaminathan 1987 ) ranging from 9 (liked extremely) to 1 (disliked extremely). Preparation of vermicelli was standardized for its organoleptic characteristic like color, texture, appearance, taste, flavour and portion size (one serving). A score of 7 out of 9 was considered acceptable.
Nutrient composition
The developed products were analyzed for their proximate composition (AOAC 1995). Carbohydrate content was determined by difference method. Starch content was estimated colorimetrically using anthrone reagent as described by Nelson and Somoygi (1957) and from this sugar content was calculated. Phosphorus, calcium, iron, zinc and copper were estimated by using atomic absorption spectrophotometer (Lindsey and Norwal 1969) and sodium and potassium by using flame photometer.
Shelf life Developed vermicelli were packed in low density polyethylene pouches (100 gauge) and stored at room temperature (65% RH and 30-35°C) for a period of 2 months. Samples were drawn periodically and moisture, organoleptic quality and microbial load-total viable counts, yeast and mold (APHA 2001) were assessed at 0, 1 and 2 months of storage.
Statistical analysis All analysis was performed in triplicate. The sensory scores were statistically analysed for mean and standard deviation. Analysis of variance (Snedecor and Cocharan 1967 ) was used to assess the effect of storage on shelf life of the products.
Results and discussion
Nutrient composition Tables 1 and 2 (2000) and Malleshi and Desikachar (1986) support the findings that dehulling, malting and germination increase protein content of grain (Dewar et al. 1997) . Vani and Mahinegalai (2004) developed noodles with 35% incorporation of colocassia leaves powder and found that protein, energy and iron contents were improved.
Fat content of WMF and MGSS vermicelli was low (1.7 and 1.2% respectively) which may be due to the loss of embryo and scutellum after germination. These findings are supported by Khader (2004) . MWF vermicelli had significantly higher amounts of total (8.91%), reducing (2.41%) and non-reducing sugars (6.57%). The mineral content of vermicelli shows that MGS was highest in calcium, phosphorus, sodium, potassium, zinc and copper. According to Reema et al. (2004) minerals get liberated in the seed on germination and some of the bound iron is converted to more readily available form.
Overall the nutritive value of MGSS was high in comparison to other vermicelli developed. This enrichment of nutrients may be due to balancing of nutrients Naik (2004) and Sood (2004) .
Cooking qualities It was found that 60-65 g vermicelli with 11-12 g spice mix was sufficient for one serving of products. All the products could be prepared by boiling in water (135-200 ml) for 6-8 min. MWF vermicelli required less cooking time (6 min) and water (135 ml) in comparison with WWF and MGSS vermicelli at the same time volume of cooked vermicelli was also low (168 g). Konik et al. (1992) reported that interaction between starch and protein might influence the pasting property in wheat flour and hence good texture but decreased viscosity of the product. Batey et al. (1997) reported a non-linear correlation between amylase content and noodle quality. Nagao (1995) observed that flour with mellow gluten is suitable for noodle making. Wheat flour with added amylase and protease produced bread with higher loaf volume and had more acceptability which shows that these enzymes do not affect the elasticity of protein.
Acceptability The mean acceptability scores of vermicelli ranged between 7.0 and 7.9 on a 9 point hedonic scale for different attributes indicating that the products were acceptable (Table 3) . Mean scores of WWF, MWF and MGSS for color, texture, taste, flavour and appearance were 7.6, 7.4, 7.8 respectively at 0 month at storage witnessing that the products were liked moderately to very much by the panel. Significant (P<0.05) difference was observed between color, texture, taste, flavor and appearance of the malted and unmalted wheat flour vermicelli but the difference was non significant when MWF and MGSS were compared. All the products were acceptable at 2 months storage.
Shelf life The moisture content (Table 3) of vermicelli ranged from 6.9% to 8%. It increased with increase in storage period but statistically non-significant and within the prescribed limit of storage. Malleshi et al. (1989) observed that malted ragi products could be safely stored for 100 days at the moisture level of 11%. Microbial examination of vermicelli showed that the load of total viable counts and yeast and mold reduced from 3.32 to 3.19 log cfu/g, 3.54 to 3.41 log cfu/g and 3.66 to 3.22 log cfu/g in WWF, MWF and MGSS respectively after storage of 2 months may be due to low moisture content and water activity of the sample. According to Shanti et al. (2000) small quantity of free water in dried food product do not support the growth of microorganism and the cell dies. Vermicelli was found safe for consumption throughout the storage period. Lower counts may also be due to the hygienic practices maintained during the preparation, handling and storage.
Conclusion
Vermicelli could successfully be prepared using whole/malted wheat flour. Vermicelli was acceptable and had good nutritional value. Further, addition of green gram dhal, spinach and sago improved nutrient content. MGSS vermicelli was found best among all the variation developed. All the three types of vermicelli were nutritious and could be safely stored for 2 months at room temperature (20-25°C).
